Abstract: Plastic bag wastes (PE) are used to improve the workability of concrete and expected to reduce the plastic wastes in our environment. Polymer products such as synthetic fibers, plastics and rubbers are belonged to petrochemical compound and considered as non-biodegradable materials. One way of reducing the plastic wastes is by utilizing the plastic wastes in the production of concrete. This study investigates the dry density properties of concrete that utilize plastic wastes and polymer fiber to replace the cement, followed by finding the compressive, tensile and flexural strength of the concrete and finally, to compare the performance of concrete that utilize plastic wastes and polymer fiber vs. concrete with plastic wastes only. An extensive experimental study has been performed by utilizing the plastic wastes in concrete using a percentage of 10%, 20% and 30% and polymer fiber with percentage of 2%, 4% and 6% respectively. Results have showed the tendency of lower density in the polymer modified concrete. The utilization of waste polymer in the replacement of cement reduces compressive and flexural strength of concrete. This is probably due to bridging action provided by the fibers which absorbed more energy and prevent the sudden failure of the concrete. On the other hand, lower mechanical properties of the modified concrete that used plastic wastes and polymer fibers have been recorded in the study.
Introduction
Apparently, world leaders are now taking measurements to reduce the pressure on environment created by the plastic wastes as a whole. Most recently few countries in Malaysia has banned on the use of plastic bags and added an extra charge to discourage users to reduce the use of plastic bags.
Malaysia produces 19,000 tons/day wastes and expected to reach up to 30,000 tons/day in 2020 [1] . Recycling, reusing, incineration and land fillings are the methods used to manage the wastes in general. Among these methods, land fillings are the most common method practiced in many countries for wastes disposing instead of recycle or reuse [1, 14] . National solid department Malaysia (2010) statistically data shows Malaysia recycle 3-5% of the total generated wastes in the country.
The problem of increasing amount of solid wastes, which the major portion covered by the plastic products is putting pressure on the environment which also can caused skin problem and other diseases [2, 15] . Different approaches have been practiced to anticipate the issues related to the plastic wastes that jeopardize the environment. Amongst that is by utilizing the plastic wastes in the civil engineering practices. Researchers and engineers from the civil engineering are scavenging to fully utilize the plastic wastes or by partial substitution in the civil engineering practices. Shredded plastics have potential to partially replaced the aggregate and sand replacement in the concrete [6, 15] . The addition of plastic wastes into the engineering and construction materials or by partial replacement of natural materials is capable of achieving engineeringly sound and environmentally friendly properties for strength and durability equivalent to and sometimes better than, materials formulated using the more expensive and increasingly unsustainable traditional construction materials such as Portland Cement (PC).
Plastic materials are known to be very flexible source for packaging and most commonly used by human beings around the world. In fact, natural gas and petrol are the sources of producing the plastic materials and approximately 4-6% of world`s oils are being used to produce plastic materials [5] . Plastic are not just on material but it is the family of hundreds of other materials with different properties. Plastic family is categorized into two main groups; thermoplastic, which is a reversible and can be reshaped on cooling and heating repetitively. [5, 7] .
The estimated number of plastic wastes produced between 1950 and 2015 was amounted to 2500Mt as shown Figure 1 . The study found that approximately 800Mt (12%) of the plastic wastes have been incinerated, 600Mt (10%) have been recycled and more than 60% of the plastic wastes generated were wasted.
The concept of recycling and incineration was not being introduced before 1980s. Europe and china has the highest recycling rate of plastic wastes with 30% and 25% respectively in 2014. Additionally, incineration rate has also increased in Europe and chine 40% and 30% [5] . In some countries, plastic is recycling partially and fully replacement in construction materials substitutes [8] . 
Plastic Bag Wastes (PE) and Polymer Fibers as Construction Materials
Disposal of plastic wastes in environment is considered as huge issue that threating the due to the fact that they are very low biodegradabile materials and presence in a very large quantity. In recent day, significant research is performed to study the possibility of utilizing the plastic wastes in mass concrete production. If plastic wastes can be mixed in the concrete mass in some form, without significant effect on its other properties or slight conciliation in strength, we can consider consuming a large quantity of plastic wastes by mixing it in the concrete mass. Plastic wastes are one component of municipal solid waste (MSW) which is becoming very relevant for the researches to study, due to its significant to be used in concrete, especially in self-compacting concrete and light weight concrete. Although some of the waste materials can be beneficially incorporated in concrete, both as part of the cementitious binder phase or as aggregates, it is important to realize that not all waste materials are suitable for such use.
The incorporation of plastic wastes in concrete or as a construction material is vastly studied. Saikia, [12] study the hardened properties of concrete by replacing aggregate over Polyethylene terephthalate (PET) with the ratio of 5, 10 and 15%. Senhadji et al [13. ] Conducted study where sands and aggregates were replaced with polyvinyl chloride (PVC).
High density polyethylene (HDPE) fibers diameter 0.25mm and 0.40mm were studied by Pešić et al [11] and result shows 3% improvement in tensile strength and 14% in flexural modulus. Polymer fibers majorly contribute to the serviceability properties such as plastic shrinkage cracking, drying shrinkage and reduce the water permeability [3] .
There has been significant amount of research on the replacement of polymers or plastic wastes with course or fine aggregrate and few studies also has been conducted to partially replace the use of cement in concrete mass. Hence, this study is dedicated to focus on cement replacement by utilising the plastic bag wastes (PE) and polymer fibers in concrete mass.
Materials and Methods
Cement was replaced with waste polymer polyethylene (PE-10%, 20% and 30%) and polymer fibers (2%, 4% and 6%). The water cement ratio was kept 0.5. Extensive experimental tests such as slump test, density test, compressive and flexural strength were conducted based on the British Standard (BS) and Malaysian JKR (Public Works Department) at University Kebangsaan Malaysia (UKM).
Cement
The Ordinary Portland Cement (OPC) was being used in this study as accordance to Malaysia Standard MS 522: part 1 2003 and the properties of the OPC were listed in Table 1 . 
Course Aggregate
Crushed granite stone was being used as a course aggregate and course aggregate grading was shown as in Table 2 below: 
Mix Design Composition
Mix design composition employed throughout the study was based on the recommendations by previous studies. The mix proportions were shown in Table 3 . 
Results and Discussion

Slump Test
The slump test practiced in this study for testing the workability of the fresh plastic modified concrete was as accordance to ASTM-C-143-90a and BS-1881: Part 102:
1983. Concrete was tested during its fresh and hardened state mainly to ensure that concrete mix satisfied the specification of works. The results of the slump test conducted are shown in Table 5 . From the testing, it can be observed that higher slump value was achieved from the addition of plastic wastes and plastic fibers in the concrete. As shown in Table 4 , the slump value for unmodified/plain concrete (RC) was recorded at 4.9 cm. The highest slump value recorded was 6.2cm when the modified concrete used plastic waste blended with polymer fiber with the content ratio of 30% and 6%, respectively.
The results indicate that by utilizing higher polymer contents in the concrete mix will increase the slump value and workability of the concrete, which apparently will improve the performance of the concrete. The higher slump value also indicates the adhesiveness of the materials. The higher the slump value is, the higher adhesion will it be between cement with plastic compare to sand and aggregates.
Dry Density
The results of dry density for the modified concrete were shown in Table 5 . As can be seen in the table, the dry densities recorded for polymer modified concrete were lower as compared to the control mix concrete (RC). In general, the water cement ratio will affect the density of the concrete. However, from the results achieved in this study, lower density of plastic possibly reduces the density of the concrete. The replacement of plastic wastes with the aggregate resulted in lower density of concrete. But, in case of light weight concrete, the result considered as more workable and reliable.
As the content of polymer increased in the concrete, the result for bulk density will be lowered. The highest reading for bulk density was recorded at 2420 Kg/m 3 for unmodified concrete/plain concrete (RC).
Whereas, the lowest reading was recorded at 2240 Kg/m 3 for polymer modified concrete using 30% of polymer content. Theoretically, the lower density of the polymer modified concrete might be due to the lower specific gravity of plastic materials. Table 6 showed the results of compressive strength test (CS) for the modified concrete. Overall, the results for compressive strength recorded for polymer modified concrete were lower as compared to the unmodified concrete/plain concrete (RC). The highest value for compressive strength result was achieved at 29.7 MPa for the control mix concrete/plain concrete (RC).
Compressive Strength Test
Whereas, the lowest compressive strength was achieved using polymer modified concrete with 30% of polymer contents at 27.66 MPa. Some of the previous studies that used polymer as cement replacement in concrete had similar results as achieved in the current study. From the results, by increasing the polymer contents in concrete will reduce the compressive strength.
The higher concentration of waste polymers contents in concrete clearly indicates that lower compressive strength achieved for the modified concrete. This is in line with the most recent study conducted by Antil & Mohali [4] , which concluded that lower compressive strength gained for modified concrete that utilized polymer to replace the use of cement. 
Tensile Splitting Strength
Another important parameter to be considered in the design of any civil engineering structures is the tensile strength. As described in Table 7 , the lowest tensile strength gained was 2.8MPa for the unmodified concrete/plain concrete (RC). When the plastic wastes and polymer fibers were added into the modified concrete using 10% and 2% contents respectively, it can be noted that the tensile strength was increased to 3.5Mpa, approximately 25% increment as compared to unmodified concrete/plain concrete. However, it was also noted that with the percentage increase of plastic wastes and polymer fibers content in the concrete mixtures, the results for tensile strength were declined, from 3.5MPa to 3.1MPa for 10% to 30% plastic wastes contents correspondingly. There are no cementitious reactions between cement and plastic that can caused increment in tensile splitting strength. 
Flexural Test
Flexural strength test was conducted to evaluate the concrete`s ability to withstand flexure or bending forces. As for this study, as shown in Table 8 , the modified concrete has shown lower flexural strength results as compared to the unmodified concrete/plain concrete (RC). The unmodified concrete/plain concrete has recorded the highest result of 4.7Mpa for flexural strength test.
However, with the addition of plastic wastes and polymer fibers into the concrete has reduced the flexural strength of the modified concrete to 4.6MPa. Based on the results in Table 8 , with increasing plastic wastes and polymer fibers utilized in the modified concrete, the flexural strengths will be decreasing. The lowest flexural strength attained in this study was 4.3MPa for modified concrete with 30% and 6 % contents of plastic wastes and polymer fibers respectively. This is also as accordance to the study conducted by Meraj et al., [9] , which also recorded lower flexural strength results for polymer concrete and stated that with the use of polymer will reduce the flexural strength of the concrete. This is to be expected, due to bridging action provided by fibers which absorbed more energy and prevent the sudden failure of the specimen. 
Conclusions and Recommendations
The current study utilized plastic bag wastes (PE) and polymer fiber as a cement replacement in the modified concrete. Based on the current findings, it can be concluded that by increasing the contents ratio of polymer fiber and plastic bag wastes (PE) will reduce the dry density of the modified concrete. The other mechanical properties such compressive strength, tensile splitting strength and flexural strength recorded lower results for modified concrete utilizing the plastic waste and polymer fibers as compared to the unmodified concrete/plain concrete. Increasing the content of plastic wastes and polymer fibers in the modified concrete showed no significant improvement for the mechanical properties mentioned earlier.
The utilization of plastic wastes as cement replacement in concrete is considered as very new development in civil engineering and construction fields. Based on this study, it can be concluded that, the utilization of plastic wastes and polymer fiber can be very significant and reliable for the lightweight concrete application only. However, for further improvement, it is recommended for the future study to use the plastic wastes and polymer fibers as aggregates replacement instead of cement replacement or partially being used as cement replacement in the modified concrete. This is due to the fact that there is no cementitious reaction between plastic wastes and polymer fibers with the aggregates in the modified concrete without cement. The use of cement in the modified concrete is still to be considered for the cementations' reaction to occur.
